Abstract
reactions were then stopped washing pulps with decalcified water three times and one 121 time with deionized water. 1.2 Stepwise addition (Xs/KXs): 2U/g odp xylanase were added 1h periods 129 which were immediately followed by washing with deionized water (Xs 1 , An alkaline extraction with NaOH was performed after enzymatic treatments for further 145 hemicelluloses removal. Two different conditions were assessed: 4 % (w/v) NaOH for 2 146 h, 25 ºC and 5 % consistency; and 9 % (w/v) NaOH for 1 h, 25 ºC and 5 % consistency.
147
Pulps were extensively washed with deionized water after alkaline extraction. to clarify enzymes action over pulp (Valls et al., 2010 
195
(mol/L), C 2 is the concentration of Na 2 S 2 O 3 (mol/L), a is the first dilution to 100 g and 196 outtake of 10 mL (10.4 g) = 100/10.4 = 9.62, and b is the second dilution of the sample 197 to 100 mL and outtake of 40 mL = 100/40.
198
SEM microscopy: Small pieces of paper of each sample were used for SEM analysis 199 with a JEOL JSM-6400 microscope operating at 10 kV. Samples were first coated with 200 a very thin layer (14 nm thick) of gold-palladium in a sputter coater SCD005 in order to 201 obtain a conductive surface.
202

Effluent properties
203
Residual enzymatic activity: It was determined using an adapted version of Somogyi-
204
Nelson method to determine reducing sugar concentrations on a solution (Spiro, 1966) .
205
Released carbohydrates: They were identified and quantified on effluents using an 1100 difference was observed between starting, treated pulps and controls (Table 1) .
265
However, a small increasing tendency was observed, which could have been due to that 
276
Ageing of pulps, measured as ISO brightness loss (%) is a process associated 277 with many compounds present on pulp, such as lignin and HexA (Cadena et al., 2010).
278
A reduction in pulp brightness loss implies an increase in pulp quality and durability.
279
Treatments with X seemed to reduce brightness loss (Table 2) , accounting for higher 280 reductions after longer treatments, suggesting that these treatments were useful 281 increasing fibers quality. proportion of initial activity was conserved even after 5h of treatment, as in all cases 288 more than 60 % of initial activity was still present on effluents (data not shown).
289
Finally, at the end of xylanolytic treaments (X and Xs) we found the same protein showing that each enzyme behavior is unique. 
Combined enzymatic treatments
315
A carbohydrase mixture (Cx) was applied on pulp alone and followed by X 316 enzyme with the intention of further reducing fibers xylans content. However, on Figure   317 4a, it can be seen that a 25% reduction was achieved combining Cx and X5 treatments, alone. Again, a limit to enzymatically degradable xylans seemed to be found. Also, we 320 found that X enzyme applied after Cx produced a lower effect than when applied alone.
321
Observing data at Figure 4a , we noticed that xylanase contained into Cx seemed to be 322 more efficient than X enzyme. Cx was applied based on CMCase activity, and when 10 323 CMCase U/g odp were applied for 2 h, the applied equivalent xylanase dose (of Cx) Cx pre-treatment also produced a decrease on fibers viscosity (Table 3) can provide more information of treatments influence on pulp. We observed that X Viscosity (mL/g) 431 ± 6 628 ± 1 365 ± 8 607 ± 27 486 ± 3 in a lower amout after 2 h of reaction, while only xylose was found after 24 h. This 361 finding suggests the existence of a beta-xylosidase activity on Cx enzyme. Higher 362 amounts of xylo-oligosaccharides were released after 24 h compared to 2 h (expressed 363 as xylose-equivalents), results that were consistent with the higher xylan elimination.
364
Regarding glucose oligosaccharides, proportions between released oligosaccharides 365 were maintained during both treatments, with larger releases after 24h compared to 2h.
366
Of total released, cellotriose represented ≈2%, cellobiose a 31% and glucose a 67% 
Achieving a better pulp quality
377
As commented in previous sections, our enzymes seemed to found a limit of with NaOH 9 % w/v was performed after Cx24 treatment and also on initial pulp, 389 achieving total reductions of 82 % and 45% of xylan content, respectively (Figure 6a ).
390
Combining Cx24 and E 9%, final xylans content in pulp of 2.9% w/w was obtained, a 391 satisfactory value for our purposes. Furthermore, we found that Cx + X2 and Cx24 392 treatments, combined with E 4% produced higher xylans removal than E 9%, allowing a 393 reduction of 55% in the amount of NaOH needed to reach a given purity degree. Also,
394
E 9% removed a 59% of hemicelluloses after Cx24 treatment, achieving a greater 395 reduction than when performed on initial fibers. This evidence shows that combining 396 enzymatic treatments with NaOH not only provided a higher total reduction (82%), but 397 also seemed to produce a synergetic effect, as Cx treatment boosted E 9% effect by 398 increasing it effect in 14%. This synergy would also permit a reduction in the need of 399 NaOH for reaching a specific purity, highlighting the potential of enzymes as green 400 catalysts. By its side, Figure 6b showed that HexA content was reduced in similar 401 proportions to xylans content, as expected. E stage also influenced other pulp properties. shows that both X and E stages removed hemicelluloses, but produced no effect in pulp increased reactivity was achieved (Table 4 ). 
